ABSTRACT
Achieving energy efficiency and delay reduction in a single protocol is possible when one or more parameters directly proportional to both can be reduced. The transmitting distance can be considered as such a parameter. Energy consumed for transmitting a packet is a directly proportional to the square of the distance between the sender and receiver along with being dependent on the size of the packet transmitted/received [6] [7] . Assuming the transmission radii of all the nodes in the network to be equal, it can be said that lesser the distance between two nodes, lesser is the number of hops required for packet transmission and thus lesser is the delay. Because, the delay experienced in packet delivery is a function of the processing time of the intermediate nodes taken together. Considering the packet size for a said network using a specific routing protocol to be constant, the energy consumption along with delay in a particular network can thus be reduced by reducing the transmission path length. Now for a specific geographic region, where the final destination(s) is(are) fixed or changes seldom, position of remaining nodes plays a vital role in determining the energy consumed and delay experienced by a network. But in most of the real life applications the nodes are deployed in a random manner. Thus to minimize the total transmitting distance for a multi-destination network, one needs to find out the minimum of the sum of the distances from a particular source to all the destinations. If one considers the source node and the destinations to be the vertex of a triangle or a polygon, then the sum of the distance of the source to the Fermat point [1] and the distances from the Fermat point to all the destinations of the considered triangular/polygonal region is always minimum. In this paper we have proposed an energy efficient routing protocol that works on the principle of Fermat point. In [2] and [3] the authors have proposed Fermat point based geographic routing mainly for two geocast regions. They have used a geometric method of finding the Fermat point. In [4] however a global minima based scheme was proposed by the authors to find the Fermat point for n geocast regions which out performed the geometry driven scheme discussed in [3] in terms of total distance traveled by a data packet and the energy thus consumed by the network in trafficking the packet from source to the destined geographic regions. The forwarding technique used in both [3] and [4] is greedy in nature. The present scheme uses the 'Global Minima' based scheme used in [4] for finding the Fermat point and the forwarding technique is also greedy in genre. However it makes certain intelligent improvisations in the forwarding technique used in [4] to get over the unnecessary route looping that was present in both [3] and [4] . As the proposed protocol is free from route looping, it further reduces the effective distance traveled and the total number of hops encountered by a packet. This way, the energy expenditure for the network gets reduced as well. The rest of the paper is organized as follows: In section 2 we have discussed some relevant related works. Section 3 discusses the present forwarding technique and compares it with the schemes discussed in [3] and [4] . In section 4 we have the results and section 5 is the concluding section of this paper with a direction for possible future works.
RELATED WORKS
Geographic routing protocols of the present day have evolved a long from the days of Location Aided Routing (LAR) [9] and Location Based Multicast (LBM) Algorithms [8] and have taken Euclidean geometry into its stride. In LAR the authors introduced the concepts of expected zone and request zone in order to cut down the total number of transmissions as compared to simple flooding. LBM reduced the total number of transmissions by introducing the concept of forwarding zone , where not all the neighbors of a forwarding node were considered as intermediate hops. Instead a potential region was selected as the forwarding zone and nodes residing within that region were considered as intermediate nodes on the way to the multicast region. In [18] however a random selection of the relaying node was made via contention among receivers. Authors in [16] compared the effect of cooperative communication to direct transmission for different set of distances in wireless sensor networks. They concluded that for small distance between the source and destination, direct transmission is more energy efficient than cooperative communication. Reducing the number of transmissions automatically reduces the energy consumption. Although technically there can be multiple multicast regions but authors in [3] were first to introduce the concept of multiple destination regions (geocast groups) for that matter. There they formed a triangular region with two geocast regions and the source as three vertex of the triangle. The Fermat point for the triangle was found using a geometry driven scheme [3] and the packet from the source to both the destination was ferried via the Fermat point. This way the minimum possible path length was selected for a certain deployment fashion of the nodes. Because, transmission energy required for wireless communication increases superlinerly with the communication distance [17] ; a fact well supported in [4] . In case if there is no node situated in the Fermat point thus spotted, the node nearest to the point is selected. The packet forwarding technique used here is greedy in nature. The scheme worked fine for a triangular region but as the number of geocast region went on exceeding from two, the degree of accuracy in spotting the Fermat point went on decreasing while using the heuristic scheme proposed in [3] for spotting the Fermat point of a polygonal region. As a result, the transmission path length from the source to n geocast regions is no longer the minimum one possible. This makes the whole exercise of finding the Fermat point for a polygonal region as well as the motivation behind it meaningless. This drawback was addressed in [4] where the authors adopted a minima based approach to spot the Fermat point for a triangular/polygonal region. In the minima based scheme, one always ended up with the minimum possible path length from the source to destination via the Fermat point for a certain node deployment pattern. The concept of Fermat point has been exploited till a considerable extent in [2] [3] and [4] . But neither [3] or [4] could get rid of the redundant route looping that generates in the process of greedy forwarding [10] of the packets. In this paper we thus propose a scheme which works on the platform provided by the scheme in [4] and outscores [4] when it comes to reduced cases of route looping. In fact the present scheme is almost always free from route looping. As a result the consumption of energy while following the present scheme is even lesser when compared with [4] .
PROPOSED I-MIN SCHEME
The proposed scheme uses [4] as the platform to achieve minimum energy consumption while transmitting a m bit packet from source to n geocast regions via the Fermat point. Just like [4] the proposed scheme also uses a global minima (figure 1) based scheme for locating the Fermat point. In the present scheme, before every packet forwarding, a check is being made to see whether the destination node is reached or not. In case the destination node happens to be one of the neighbors of the the node presently holding the packet, the packet is simply unicasted instead of following the greedy method of forwarding. This checking was however absent in both [3] and [4] . This actually reduces route looping up to a considerable extent which in turn eliminates redundant forwarding to reduce the energy consumption. With the reduction in route looping, the number of hops encountered by a packet also reduces which in turn is sure to reduce the delay in packet delivery along with the reduction in energy consumption. For example let us consider the scenario depicted in figure 1 . Let us consider node 1 to be possessing the packet for the time being. The dashed circle is the transmitting radius of node 1. If node 2 is the destination node, then following a simple greedy forwarding scheme would make 1 to forward the packet to node 3. This leads to the consumption of an unnecessary energy. Moreover in this type of a situation infinite route looping may also generate thus consuming a lot of useless energy when a simple path from 1 to 2 is very much present. The forwarding algorithm for the present scheme is given in figure 3 .
The results in the next section shows that this I-Min scheme guarantees to be a minimum energy consuming packet forwarding scheme. It scores over its predecessor schemes of [3] and [4] in terms delay experienced in packet receipt as well. 
RESULTS
For simulation environment we have considered a region of 1800x1100 square meters. The nodes are deployed in a pseudo-random fashion within that region.The performance metrics taken are i) total number of hops traveled by a packet via the Fermat point to different geocast regions and ii) energy consumed to move the packet to different geocast regions. Results in [4] have clearly shown that using the global minima scheme, reduces the total distance a packet travels when compared with the geometry driven scheme. As a result the energy consumed for forwarding a packet to n geocast regions via the Fermat point is also less when one uses the Global Minima scheme in place of the geometry driven scheme. I-Min technique further reduces the total distance traveled by a packet by eliminating the redundant transmissions/receptions that were present in [4] due to flat greedy forwarding technique. The graphs 1 and 2 convincingly concludes that the present scheme performs better when it comes to energy consumption and delay. We have used the radio model followed in [6] and [7] for calculating the total energy consumption in the network. Table 2 . Function used in I-Min algorithm and its definition.
The following two equations have been used in this paper respectively for energy consumed for transmitting (ETX) and receiving (ERX) a data packet comprising of m bits. The distance between the sender and receiver is d. ETX is a function of both m and d, whereas ERX is the function of m alone. Comparison between three schemes with respect to number of hops encountered by a packet to travel from a given source to destination.
CONCLUSIONS
The results in the previous section clearly proves the energy friendly nature of the I-Min forwarding technique. In fact, any packet forwarding scheme capable of ensuring a lesser transmission distance is surely going to score over others when it comes to energy consumption, for that matter. A lesser number of hop counts again ensures lesser amount of delay for packet delivery. Because with an increase in the number of hops, the transmission time for packet delivery increases due to the increased total processing time. As future work, comparing the present scheme with other geographic routing techniques taking packet delivery ratio as the metric can be a possible option.
